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ABSTRACT

Background: Microglial cells, major immune effector cells in the central nervous system,
become activated in neurodegenerative disorders. Activated microglial cells produce
proinflammatory mediators such as nitric oxide (NO), tumor necrosis factor-a and
interleukin-1B(IL-1P). These proinflammatory mediators have been shown to be signif-
icantly increased in the neurodegenerative disorders such as Alzhimet's disease and
Pakinson's disease. It was known that one of the neurodegeneration source is stress and
it is important to clucidate mechanisms of the stress response for understanding the
stress-related disorders and developing improved treatments. Because one of the
neuropeptide which plays a main role in regulating the stress response is corticotropin-
releasing hormone (CRH), we analyzed the regulation of NO release by CRH in BV2
murine microglial cell as macrophage in the brain. Methods: First, we tested the CRH
receptor expression in the mRNA levels by RT-PCR. To test the regulation of NO
release by CRH, cells were treated with CRH and then NO release was measured by
Griess reagent assay. Results: Our study demonstrated that CRH receptor 1 was
expressed in BV2 murine microglial cells and CRH treatment enhanced NO production.
Furthermore, additive effects of lipopolysaccaride (LPS) and CRH were confirmed in
NO production time dependantly. Conclusion: Taken together, these data indicated that
CRH is an important mediator to regulate NO release on microglial cells in the brain
during stress. (Immune Network 2004;4(1):60-64)
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ATGATGACGGCAATGTGG-3")¥} pB-actin primers (sense,
5’-CATCCATCATGAAGTGTGACG-3’; antisense, 5’-CAT
ACTCCTGCTTGCTGATGG-3")E Z+7z} Al-&-3le] PCR =
Z3lF k. 5F cycling 2712 CRH receptor-1-2 94°Co]|
A 30%, 61.5°ColA] 1.5%, 72°Col A 30%= 353, p-
actin 95°Coll A 30%, 52.5°Coll A 30%, 72°Coll A 30z
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urocortin@}2] A F3}Ho] oF 40uj7F =& AR &
HA ATH(14,15). & AP A= WA CRHS} 238 o]
=S Ao7 4# 7 CRHRI mRNA 23 AL S vpgx
B Al b A ol A} ZAFSEATE Fig. 104 B upe}h 2
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=] ATHFig. 1).
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Figure 1. Expression of CRH Receptor 1 mRNA in BV2. Total
RNA (5lg) was extracted from BV2 microglial cells and B16F10
melanoma cells (4><1O5 cells/ml). B16F10 melanoma cells were
used as a positive control. After culture, cells were harvested and
total RNA was examined for RT-PCR. RT-PCR was performed
with ptimers for CRH-R1 or Pactin. PCR products wete
analyzed on 2% agarose gel electrophoresis.
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Figure 2. CRH-induced NO production in BV2. Murine
microglial cells (3><105/ ml) were treated with 100 nM CRH and
then incubated for 12 hr. After incubation, the culture
supernatants were harvested for nitrite assay. NO production was
determined by measuring nitrite, a stable oxidation product of
NO, by the Griess method. Sodium nitrite, diluted in culture
media at concentrations of 10~100UM, was used to make a
standard curve. Data are meantSD. *P<0.01 versus control.
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Figure 3. Time kinetics of CRH-induced NO production. BV2
cells (3%10°/ml) were treated with CRH and then incubated for
indicated time. Representative example of NO, accumulation in
culture media. Control indicated CRH untreated group and 100
nM of CRH was used for CRH treatment.
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Figure 4. Effect of CRH on LPS-induced NO production. BV2
cells (3%10°/ml) were treated with 250 ng/ml LPS and 100 nM
CRH for 12 hr. After incubation, the culture supernatants wete
harvested for nitrite assay. NO production was determined by
measuring nitrite, a stable oxidation product of NO, by the Griess
method. Data are meanSD. *P<0.05 versus control, **P<0.01
versus LPS.
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Figure 5. Time kinetics of CRH effect on LPS-induced NO
production. BV2 cells (3><105/ ml) were pretreated with LPS and
then treated with or without CRH. After incubated for indicated
time and NO production was determined by the Griess method.
Control indicated CRH untreated group and LPS single dose was
used 250 ng/ml LPS. Cotreatment of LPS and CRH indicated
250 ng/ml LPS and 100 nM CRH treated group.

& AR

ZAAE

A5 EE
H

o} vhg-2 m A otu A 2 E o] &3t A
<=, CRH &= At z: NO 44
ARE BHHow, LPSe}t g A2 A
HAt HA 2 Foll = vh5-2 vl ofuA £ oz}
g4 3t E ol A Fastrocytes) = Al 7 E A 2 Shol| A
LA, o] AE JANO Ao #H3itty Bud
v ATH3). 28y Holu A X = whg-2 v A olal A X
o Blaste] NO A/ BE7t B7] v, ©&A] Holul
A E ZAA o 2= NO9F #aste] Fdhe] dAUlS
=93l7]= oHoh Holw Al E Z$-d = NOS 53}
HoE IL-1B, TNF-q, IL-83% IL-18 53 #& ¢y
proinflammatory cytokine®ll &3t E|34] 23 Ao ¢
A Zs & doa EHA Jom(17-19), HE Sola T
(2002)¢] Harel] &5t Holw A Z 7} w2 w] A ofal
A EeE FA E Al ZA7be] ©h= wj <k A]R.THLPSO
o3 NO A S HS S7HA7Ie 22 Husget
@3), o183 A+ A3E EUYZ B uf, 2EH X~ T2
¢l CRHel 9J3F NO AA ol = Wolu A 7 BZEZ <l o
&S 3t NOAA S dS SAAE F S Aozt A
Z- ),

LPSE vl mA ol A E e} Holw A X E &4 3}
Al713L 2] 71A] kgt A4 Aol ETRRIS fE3he
Ao2 4#A gt} o]l g LPSY CRHE= 83t ~E
g9l whd A2 3 ~EY A9 2 B ~EY
2 FREAFE F U AoE i JTH20). &
A3 HE, LPSY CRHE 31873 2E# 2o 23&

< AP Ay 2EH 2 s
NO A Alo] FglsHA F71ste AL 93tk 28y
O~

T
=
KR

=

[e]
<

CRH Affects Nitric Oxide Production in Microglial Cells 63

Folle A2 2E# 20| N0 A ol GaFol
ARG HuEHTH0). ol 2EHA FHUINOS
o] Ao wE NO A Y Apolol] el 1 ARrt
et e Ao 2 AtsHTh

R1°] 3 ¥ oA T&= ™ CRH-R29} H]
FE&7I2A AE3sta oke o] B
(14). CRHR12 &Y, By A4, ¥+ T3ate ¥ o
Ao A AT glom 53] AHslE ~E
He 54 d3y ¢ Aol vt RuE Ak
(7). ]88 AFN& CRH-R1°] A AHPA AsS
3 AurAel o Ay AW FesH BT £ Je
AA7F 2 F A AL O Yoyt 95 3k
o] CRH-R19] #& o] 713t AR ¢ =3)0]
A5 v Heg JEW ofe}t o rhA] thekdt
< A% A CRH 484 2] 43 A9} A5AE o83}
AR NEAZA ALEo] 7 Ao= Azt

2E# 2 T2 FAA 2 A3 A AHE-3ICRH ©]
9o g2 TEEY g3 A+ = &3] FYPH e
o, d & E¥ CRHY} vIRVIAE 2Ed 2 g9 T8
Sk wl 7§ A Q1 arginine vasopressin (AVP)oll thdt A% B
TEH I JTH21-23). FZolE, AFANA LPSE =9
AVPO] A NO7F Al &S sttpa B vl gl
o, o]E NO7} AVPE ZH3ed A9 7o) gt
HAX ASZ CRH7F NO A7 ZH] ko] AAA ¥
F,NO AA ) 9aFs v F doe 78S A
gtk 9 yolrl 83 9] A4 A (renal medulla)ol A
AVP7} nitric oxide synthase (NOS) % 34?1 neuronal
NOSE z4d3the= AHE-S AVPZE NO AA S of7|A1Z
T A= 3ty 753 S A AEH21), CRHSE 34 4
AEPY AHS HES 2EY 2 #d AW T3
A7 2 UASS A

T Wang 52 CRHOl| 23] v}-9-22 w]AofulAl 34
A} TNF-a¢] #H]7} 551 o] 3 W#HUZS MAP
kinase A1 & A 8-S AW HuFHTH18). wAl
oF 1 A| FE o] A TNF-a9] 48} NO2| A2 4% w7l
ANZA Zgstthe oA Gzstolm o)y g7EH
< HIES B A3 ¥ls Us &S & 2
© dRlo=2A A& 4 9tk CRHY 93 ===
2z o 1 5re] & Aol A= CRHZ} vH-
2= thymocytest} I 5 Z- A A 3, 313 v] A o}l A 3 A
NF-Kappa©|t} cAMP/CREBS ZA3tia B ot
(24,25). £ Aol A= CRH9} CRH-R19] 23 $9 A

4



64 Yool-hee Yang, et al.

W AsAG jste] ZAE] AFHAE %‘9}2%
o] %ol = CRHS CRH-R19] 29 F9] 819 Ao xgo
B A7t neEolof & Ao A}Ew

£ AFNE CRH 95225 NOS BAAZ & 3l
o, LPsst @7 Aelstle A% 45H o2 NOS
MANZD & dee & 5 Aot A2 o2 CRH}
oh$-2 w A obal A Eo A NO #ulE F7lehed F8
3 oae godan A AEHA Ay BEste] CRH
b AR WA Fgel AA7 E - AEE AN
Sick. o vobst the |
el 4 sge A *E‘v’ﬂ* B Ay @
ol % F& AR2A T8 5 UE F5HE AT
3 905 o1F QFEE CRIVE lm WA EE B
NO AR - A 0z BejsteAd e o B
& A7t Yed Aoz AREL:

]

gk

1. Han 10, Kim KW, Ryu JH, Kim WK: p38 mitogen-activated
protein kinase mediates lipopolysaccharide, not interferon-gam-
ma, -induced inducible nitric oxide synthase expression in mouse
BV2 microglial cells. Neurosci Lett 325;9-12, 2002

2. Arimoto T, Bing G: Up-regulation of inducible nitric oxide syn-
thase in the substantia nigra by lipopolysaccharide causes mic-
roglial activation and neurodegeneration. Neurobiol Dis 12;
35-45, 2003

3. Sola C, Casal C, Tusell JM, Serratosa J: Astrocytes enhance
lipopolysaccharide-induced nitric oxide production by microglial
cells. Eur | Neurosci 16;1275-1283, 2002

4. Emerit ], Edeas M, Bricaire F: Neurodegenerative diseases and
oxidative stress. Biomed Pharmacother 58;39-46, 2004

5. Kasckow JW, Aguilera G, Mulchahey ]JJ, Sheriff S, Herman JP:
In vitro regulation of corticotropin-releasing hormone: Life Sci
73;769-781, 2003

6. Ward A. Persen, Deanna McCullers, Carsten Culmsee, Mark P.
Mattson: Corticotropin-releasing hormone protects neurons aga-
inst insults relevant to the pathogenesis of Alzheimert's disease.
Neurobiology of Disease 8;492-503, 2001

7. Lezoualc'h F, Engert S, Berning B, Behl C: Corticotropin-
releasing hormone-mediated neuroprotection against oxidative
stress is associated with the increased release of non-amylo-
idogenic amyloid beta precursor protein and with the supp-
ression of nuclear factor-kappaB. Mol Endocrinol 14;147-159,
2000

8. Depino AM, Earl C, Kaczmarczyk E, Ferrari C, Besedovsky H
del Rey A, Pitossi FJ, Oertel WH: Microglial activation with
atypical proinflammatory cytokine expression in a rat model of
Parkinson's disease. Eur ] Neurosci 18;2731-2742, 2003

9. Elenkov, Ilia J., Webster, Elisabeth L, Torpy, Geore P: Stress,
corticotropin-releasing hormone, glucocorticoids, and the imm-
une/inflammatory response: Acute and chronic effects. Annals
of the Newyork Academy of Science 876;1-13, 1999

10. Roe S. Y., McGowan E. M. and Rothwell N. J: Evidence for

20.

21.

22.

23.

24.

25.

the involvement of corticotropin-releasing hormone in the path-
ogenesis of traumatic brain injury. Eur. ] Neurosci 10;553-559,
1998

. Sofia Agelaki, Christos Tsatsanis, Achille Gravanis, and Andrew

N. Margioris: Corticotropin-Releasing Hormone Augments Pro-
inflammatory Cytokine Production from Macrophages In Vitro
and in Lipopolysaccharide-Induced Endotoxin Shock in Mice.
Infection and immunity 70;6068-6074, 2002

. Ricart-Jane D, Llobera M, Lopez-Tejero MD: Anticoagulants and

other preanalytical factors interfere in plasma nitrate/nitrite
quantification by the Griess method. Nitric Oxide 6;178-185,
2002

. Weinberger B, Fakhrzadeh L, Heck DE, Laskin JD, Gardner CR,

Laskin DL: Inhaled nitric oxide primes lung macrophages to
produce reactive oxygen and nitrogen intermediates: Am ] Respir
Crit Care Med 158;931-938, 1998

Wang W, Ji P, Riopelle R] and Dow KE: Functional expression
of corticotropin-releasing hormone receptor 1 in cultured rat
microglia. ] Neurochem 80;287-294, 2002

. Coste SC, Heldwein KA, Stevens SL, Tobar-Dupres E, Stenzel-

Poore MP: IL-lalpha and TNFalpha down-regulate CRH recep-
tor-2 mRNA expression in the mouse heart. Endocrinology
142;3537-545, 2001

. Radulovic M, Dautzenberg FM, Sydow S, Radulovic |, Spiess J:

Corticotropin-releasing factor receptor 1 in mouse spleen: ex-
pression after immune stimulation and identification of recep-
tor-bearing cells. ] Immunol 162;3013-3021, 1999

. Park |, Kwon D, Choi C, Oh JW, Benveniste EN: Chloroquine

induces activation of nuclear factor-kappaB and subsequent
expression of pro-inflammatory cytokines by human astroglial
cells. ] Neurochem 84;1266-1274, 2003

. Wang W, Ji P, Dow KE: Corticotropin-releasing hormone in-

duces proliferation and TNF-alpha release in cultured rat

microglia via MAP kinase signalling pathways. ] Neurochem
84;189-195, 2003

. Pyo H, Yang MS, Jou I, Joe EH: Wortmannin enhances lipopo-

lysaccharide-induced inducible nitric oxide synthase expression in
microglia in the presence of astrocytes in rats. Neurosci Lett
346;141-144, 2003

Hey-kyung Jeon, Noh-Pal Jung, In-Ho Choi, Byoung-Joo Gwag:
Comparison of macrophage activation and tumor-cytotoxicity in
mouse and hamster perioneal macarophages by cold stress.
Korean ] Immunol 19;505-512, 1997

Martin PY, Bianchi M, Roger F, Niksic L, Feraille E: Arginine
vasopressin modulates expression of neuronal NOS in rat renal
medulla. Am | Physiol Renal Physiol 283;559-568, 2002
Szentivanyi M Jr, Park F, Maeda CY, Cowley AW Jr: Nitric oxide
in the renal medulla protects from vasopressin-induced hyper-
tension. Hypertension 35;740-745, 2000

Giusti-Paiva A, Ruginsk SG, de Castro M, Elias LL, Carnio EC,
Antunes-Rodrigues J: Role of nitric oxide in lipopolysaccharide-
induced release of vasopressin in rats. Neurosci Lett 346;21-24,
2003

Zbytek B, Pfeffer LM, Slominski AT: Corticotropin-releasing
hormone inhibits nuclear factor-kappaB pathway in human
HaCaT keratinocytes. ] Invest Dermatol 121;1496-1499, 2003
Zhao ], Karalis KP: Regulation of nuclear factor-kappaB by corti-
cotropin-releasing hormone in mouse thymocytes. Mol Endo-

crinol 16;2561-2570, 2002



